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THE LIGHT OF T.m NIGHT SKY: 

Astronoinical, Interplanetary and Geophysical. 

F. E. Roach 

Hawaii Ins t i t u t e  of Geop3ysics. University of Hawaii* 

1. INTRODUCTION 
,AGILITY FORM .o. gent la 

A t  night, t e r r e s t r i a l  man is bathed in a/flow of v i s u a l  

This  flux is due, in large part, t o  h i 3  
gr 

of t he  I1s%yS1 to a randody located intergalactic observer with 

llhumanlS eyes would be in dramatic contrast: no individual stars  N 

radiation o r  light. 

unique and privileged location in t h e  uiiverse. The appearance 

woi;ild be visible, only the integrated l i gh t  from t h e  many but 
._  

vary dis tant  galaxies. A feu of t h e  galaxies would be separate- 

ly visible,  as is t h e  Andromeda cebula 50 our eyes. 
6 
P 

An i n t e r s t e l l a r  observer i n  a g a l w  such as our o m  has a 
0 

5 
a different  view. 

Way much as we see it from the Earth, but without the  competition 

In t he  vicini ty  of t ha  sun he sees t h e  Milky 

of solar.system and t e r r e s t r i a l  l ight  t ha t  plagues t h e  earth- 

bound astronomer. His sky is more than a hundred times as bright 

as t he  intergalact ic  0bsemer~8.  

A nove Lit0 the  solar system but &way f romthe  luminosity 

originating i n  a planetary atn,osphere introduces a new source of 

l ight .  If, for example, he stands on the  noon and looks a t  the 

* Contribution number 

at t h e  East-West Center of the University of Hawaii - on leave of 
absence from the  National Bureau of Staadards.. -. 

The report was writteLwhile the author was a Senior Special is t  
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sky in general>only about one-third of the  l i g h t  i s  integrated 

s t a r l i gh t  and about two-thirds the  so-called zodiacal l igh t ,  The 

visual contrast  between the  W i l b  Uay and t h e  general SQ back- 

ground i s  greater than on the  earth'fs surface but less than f o r  
..% 4;. &3S 

the  interstellar observer. If he is able t o  occult the  sun and 

look i n  a direction of 5°elongation along the ec l ip t ic ,  the  bright- 

ness of the zodiacal l i g h t  is some 200 t i nes  the bri-qhtest par t  

of the  FLilky Way and therefore overwhelm it. 

in t he  ec l ip t i c  is brighter than t h e  briyhtest  part of the W i l k y  

thy until an elongation of about 50'. 

The zodiacal l i g h t  

Our observer now moves to h i s  t e r r e s t r i a l  platform where he .. 
can l ive  and breathe and look a t  the sky i n  comfort, augmenting 

h i s  visual  observations w i t h  i n s t m e n t s  which can be firnly 

established on a solid base tha t  conveniently ro ta tes  and revolves 

in times short compared t o  a l i f e  span. 

fo r  these emoluments: an additional p r h r y  source of radiation, 

Eut a price must be paid 

the night airglow o r  nightglow, is introduced f r o m  the upper 

atmosphere, and t h e  lower atmosphere interferes with h i s  measure- 

ments by scattering and attenuating a l l  p r b a r y  radiations. Two 

consolations may be offered. In  the first place, the  difficulties 

placed in h i s  way nuke the  whole enterprise of understanding h i s  

universe a sporting venture tha t  should inspire  him t o  heroic 
/' 
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efforts. 

the universe frm t h e  k r t h  might have been much worse except fo r  

the circumstance t h a t  the overwhebingly largest night airglow 

component (the OH, hydroxyl, radiation) is in the hear infra-red 

jus t  beyond t h e  sens i t iv i ty  of the  human eye, Were this radiation 

concentrated in the  visible part of the  spectrum, the  YU3.W Way 

would be l o s t  in the airglow glare. 

And second, it may be said t h a t  conditions for observing 

We have assembled t he  general infornation discussed in these 

introductory remarks i s t o  Table 7 t o  i l l u s t r a t e  t h e  numbers 

involved and, further, t o  present in outline form the contents 

of this review paper, It is propoaed t o  proceed from left t o  

rLght or fromtop t o  botton in the table which may be taken as 

f r o m  the  fundamental t o  the  superficial, f r a  a random position 

t o  a privileged one, 

It may be noted tha t  t h e  advantage t o  be gained by escaping 

from t h e  ear;th's surface into interplanetary space via an artificial 

s a t e l l i t e  i s  real  but not large w i t h i n  the  context of t h i s  discuss- 

ion (compare colunns 4 and 5 in Table 1). Necessarily all studierr 

of general s b  brightness will, f o r t h e  interplanetary astronaut, 

izvolve both zodiacal light and integrated s t a r l i gh t  t o  t h e  dis- 

advantage of the l a t t e r ,  The particular advantage of a satell i te 

program is i A  t h e  eq lo ra t ion  of those wave-length regions to which 
2' 
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tho human eye is insensitive acd  t h e  t e r r e s t r i a l  atmaphere impervious. 

11, COI4"TS ON THE VISUAL SPECT.RAL REGION. 

A general treatment might w e l l  include both particulate and 

electromagnetic fluxes. Even a limltation t o  electromagnetic 

radiation should include such extreme manifestations as X rays and 

radio emissions of cosmic origin, 

chiefly w i t h  intensi t ies  i n  t h e  electromagnetic octave designated 

t h e  B8visua11a spectrua. 

However, t h i s  review is concerned 

For orientation we have plotted i n  Figure 7 *  the  distribu- 

tion, according t o  spectral  class, o f  stars brighter than visual 

magnitude 6. The upper part  of t he  plot shows the  wavelength 

corresponding t o  peak intensi ty  assuiriing t h a t  the superficial  

temperature of 8 star may be treated as a black body temperature. 

There is an observationally favored domain between 3 0 0 0 A  (the 

atmospheric cut-off) and 8000A where the hydroxyl nightglow bands 

becone suff ic ient ly  strong t o  interfere with astronomical observa- 

tions. Within t h i s  spectral  regionJstars of classes A, F, G, and 

K, comprising 

Even allowing 

of the bright 

75$ of the  bright stars, have t h e i r  peak intensit ies.  
i n  Figure 1 

for the  likelihood of obsarvational b i a s - in  t h e  use 

stars ' *  

A 
' relative t o  a population of a l l  the 

* Taken fron Tr6p l s r  end  Wower (19621, Table 4.4,  i 
. .  

. 
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stars in o w  g a l a x y  it is apparent t h a t  azzy systematic data 

for the  visual region should be reasonably representative of 

the stellar sample. 

The cap l i ca t ions  involved i n  piercing the t e r r e s t r i a l  

r.ightglow haze in  order t o  gain knowledge of non-terrestrial 

l i g h t  sources i s  apparent from an inspection of Figure 2 show- 

ing the distribution of many of the emission features of the 

glow. 

prominent mission lines and bands there is no h o r n  wavelength i n  

which there  is no nightglow continuum - and such a conthuum 

A discouraging fact  is t h a t  even in t h e  regions between 

cazmot be discriminated aga imt  h-ith respect t o  zodiacal light 

or integrated s ta r l igh t  by decreasing the band pass of a filter. 

111. THE P M  OF THE PAPER. 

It is proposed t o  t r e a t  the problem of faint optical radia- 

t ions  in the universe as follows: 

region (5300A) near the  center of the visual sens i t iv i ty  curve. 

we shall select  a spectral  

For t h i s  waveleiigth we propose to examine surface brightnesses 

of the  I1night1: sky proceeding froin intergalactic to interstellar 

t o  interplanetary space and then t o  the earth's surface. 

A t  the earthto surface we shall then introduce the  wavelength 

as a parameter and discuss the  nature of the nightglow throushout 

the  visual spectrum with some comments OA its nature in t h e  near 

infra-red. 
, 
i 
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N. TH3 3[NTXRGAL/tCTIC OI3SZiVER M D  L!!!TZG2PbTED 
LIGHT FROM EXTRA GALACTIC SOuItCES 

In order t o  obtain an approximation of the brightness of 

the "skyrt  in intergalactic space, we make the following assump- 

tion: 

There are 10 6 galaxies unifomly distributed throughout 

a sphere of radius 300 megaparsecs (9.27 x 7026 cm) each 

having 5 x 70'O stars (suns). 

Let .? = space density of t h e  individual sources which will be . 

treated as points (lin ad), 

<= the radial distance in cm, 

= the radial distance t o  the boundary of  the sphere in cm, 

oo- the flux from each g a l q ,  ' a d  

L the brightness for an observer in  the center 

of the sphere in flux cm4. sphere'l, 

Then 

A 2  . 
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: *  
= 5 x 70'0 sm3, p: 3 x to-?' 

# 
In our example 

{; 9.27 x a 

And - = 3,907 X  om" suns per sphere. 

It is of i n t e re s t  t o  convert t h i s  t o  sl0 (v is )  units*: 

i II 3.907 x lo-'' x 4.875 x IO1& 
1-1 = 0.46 Slo. (vis) units 

4.1253 x I& 

o r  about 1 / 6 0  the  brightness of t h e  t e r r e s t r i a l  zenith sky on a 

moonless night. The energy flux o f  visual l i g h t  i n  intergalact ic  

space is 
5 erge set", cm4,(from a sphere) 

and the erergy density 

7.x  erg. Cmn3, It is of in te res t  to note t h a t  the- fqeru  cierisity 
of s t a r l i gh t  in our gal- and that, of c o m i c  rays are both about 10 el-g crn -3 

v, TEE m r m r E u . m  OESERVER AND DEEGRATED STARLIGHT (Allen, 1963) 

The first telescopic observers of the  NU& Ray were t h r i l l e d  

by the  evidence t h a t  what seeaed l i k e  a band of l i g h t  could be 

resolved in to  numerous closely-packed individual stars. 

paper is really an h i s to r i ca l  retrogression t o  the  more primitive 

view of the synthesis of t h e  individual s t a r s  into an integrated 

surface brightness. 

passing,some of the results of those who have tacountedll stars in 

order t o  gain an insight  into t h e  structure of our galaxy. 

This 

But it w i l l  be inst ruct ive t o  examine h 

* The sun, m (vis) 
t en th  magnitude s t a r .  
magnitude (visual)  stars per square degree" hence the  division 
by l+7, 253,ithe number of square degreeo over a sphere). 

-26.72~1s keb75 x I d 4  as bright as a 
The S ~ O  (vis)  unit is "number of 10th 



To "count" tine stars individually is cer tainly a supra-human t a sk  

(there a r e  about lo9 stars brighter than photographic magnitude 21). 

Early i n  the  20th century, J. C.  Xapteyn in i t i a t ed  a cooperative 

internat ional  program of star counting i n  Selected Areas, 206 of them, 

arranged systematically over the sky. 

t h a t  of t he  t o t a l  number of stars  i n  each Selected Area f o r  longer and 

longer exposure times corresponding t o  f a i n t e r  and f a i n t e r  limiting 

magnitudes . 

The simplest measurement w a s  

I n  a c l a s s i ca l  report*, de ta i l s  of such a study are given. An 

idea of t h e  s i ze  of t he  statistical sample f o r  t h e  study of 139 Selected 

Areas'-' in t he  YDmt Wilson program may be Judged f r o m  t h e  f a c t  t h a t  a 

t o t a l  of 65,683 stars was measured to approximete l imiting photographic 

magnitude 18. The t o t a l  number of stars over t he  sky t o  t h i s  same 

limiting mgnitude comes t o  about 3x10 a so the  saxple is 6.568310 4 / 

3108 = .00022 of the  t o t a l .  Another estimate of the  sample s ize  may 

be obtained from the  f a c t  t h a t  t h e  region measured on each p la te  was 

0.1154 square degree compared with the  41,253 square degrees over t h e  

slry. Thus t he  sample i s  

(0.1154 x 139)/4l253 = 0.00039 of the  t o t a l .  

3t. Seares, van Rhijn, Joper  and Richmond, (1925), Mount h'ilson Contribution 

'number 301, referred t o  hergafter as >?fir 301. 
JNc The extreme southern de$.ination of t h e  Mt. Wilson program was 
-l5", hence the omission of eelected h e a s  140-206. ,' 

t 
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It may be anticipated t h a t  the sampling method employed w i l l  be 

use f i l  in delineating the  gross features of our galact ic  system but 

w i l l  almost certainly break dam in any attempt t o  depict detailed 

structure.  

available s t a t i s t i c a l  resul ts  into a generalized morphological picture 

of the "Kapteyn Universe" of our galaxy. 

Upteyn was able t o  synthesize the  resu l t s  of the then 

Emerging from the  ensemble 

of numbers is a flattened ell ipsoid of revolution of s t a r s  of diameter 

some f i v e  times i ts  thickness (see Table 2 ) .  

One of the important considerations f o r  the purposes of the present 

discussion is the  non-central position of the 6un in the  galaxy. 

find omselves close enough t o  t h e  galactic plane t o  see the Milky Way 

as a c i r c l e  in the sky but far enough from the center of the el l ipsoid 

t o  make the part of the  Milky Way seen i n  the  direction of the center 

We 

s ignuicant ly  brighter than tha t  i n  the op2osite direction. 

The temp-kation t o  continue a discussion of galactic structure from 
3t. 

star counts is very strong indeed. 

picture is both overwhelming and humbling. 

the subject w a s  introduced for the purpose of giving a general basis  

The grandeur of the morphological 

But we must now admit that 

f o r  the estimation of the contribution of integrated s t a r l i gh t  t o  the  

nocturnal sky t o  which subgect we now return.  

. .  * 
of s t e l l a r  parallax, proper motion and rad ia l  velocity as well as 
photometric star counts. The star counts have been stressed in t h i s  
paper because they lead d i r e c t l y t o  the matter of the l i gh t  of the  
night sw. 

The Selected Areas have been subJected t o  concentrated studies 
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Tie star counters always refer t he i r  counts t o  "numbers, per square 

degree" of the  sky and f o r  convenience we shal l  follow them i n  adopting 

as a uni t  f o r  the integration of radiation from the star background the 

num3er of equivalent tenth magnitude s t a r s  per square degree" which 

(vis) o r  Slo (pg) depending on whether we use 

0 

w i l l  be designated S 

the visual  or the photographic magnitude scales, 

10 

Some gross resu l t s  of the counts thenselves a re  sham in Table 3 

An exanination of Figure 3 shows a number of features. and Figure 3 .  

Tne scales have been chosen so that a logarithmic difference of 2 

(factor 100) i n  the  ordinate A(m), the rider of s t a r s  per magnitude 

izterval, is the same as a magnitude difference of 5 i n  the  abscissa, 

a fac tor  of 100 i n  the brightness. Thus, if the slope of an observcd 

curve is greater than 1.0, t h e  number of stars increases m r e  rapidly 

than t h e i r  brightness decreases and the t o t a l  contribution t o  the 

integrated s ta r l igh t  increases. 

indicates a declining contribution f o r  successive magnitude intervals.  

Similarly a slope less than 1.0 

The inflection a t  slope = 1.0 corresponds t o  the maxFrmun contribution. 

The curve f o r  b(galactic lati tude) = PO" b d i c a t e s  a maximum near 

m(pg) = 8; that f o r  b = 0" near m(pg) = 12. 'The upper curve of Figure 3 

i s  a plo t  based on the star counts over' a l l  values of the galactic 

la t i tude .  In  order t o  refer  them to the en t i re  s& the  values per 

square degree have been multiplied by 41,253 (the number of' square 

degrees O v e r  a sphere) t o  give t h e  T(m) in  the  l a s t  column of Table 3.  4 
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Y m y  of t h e  tables  of star count6 record not the number of stars,  

A(m), within a given magnitude range but the cumulative number, Nm, 

brighter than a given magnitude, m. Such a table was  published 

by P. J. van Rhijn (1925) i n  t h e  form of entr ies  of log Nm 

from m = 6.0 t o  18.0' for every 10" of galactic longitude, 1, and f o r  

galact ic  lati tudes,  b, of Oo, -2", 55O, &loo, 3 5 " ,  %o", k30°, +40°, 

k50°, &)", -YO", and a" (10, 296 entr ies  f o r  792 regions i n  the 

sw). It is  apparent t h a t  the  entries for a given region must be 

significantly szoothed since the basic information is the  star counts 

f o r  the  206 Selected Areas. 

Roach ~ . n d  .&gill (1961 ) f o r  a numerical integration of the t o t a l  star- 

The reader is referred t o  a paper by 

fmn both CR..43 and t h e  N307 contributions is shown plot ted in Figure 4 frosl 
the en t r ies  of Table 4. For lox galactic la t i tudes 

r e su l t s  axe sys temt ica l ly  higher than those from MJ 301but *the discrepancy 

, the  GR 43 

between the  two investigations . I  

s is trivial f o r  hi& galactic latitudes. 

This review of the  available information on star counts has been 

mde for t he  purpose of introducing an isophote map depicting the  t o t a l  

s t a r l i gh t  over the  en t i re  sw (figure 5 ) ,  based on t he  s t a r  counts in 

GR 43. 

should probably be considered as too crude f o r  detailed studies especially 

near the galactic equator where the  scale i s  in question (figure 4) and . 
the  resolution is doubtful. 

The map has been used extensively by photometric observers but 

Some comments on t h e  map w i l l  perhaps 

indicate the reservations that should be exercised in its use. 

I 
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(1) The great rift i n  t h a  U l k y  Way, so appazent t o  even a 

casual observer i s  not shown, 

(2) Tne m x h u m  brightness i s  a t  b = -lo, 1 = 242O 

(4 = 9h 26n; z= - 5 2 O )  i n  the constellation of C a r i n a .  

t he  Milky 17ay i s  almost 90" away from the bright star cloud in the 

constellation Sagittarius which together w i t h  the nearby cloud" i n  

This portion of 

Scutum is generally considered the brightest part  of t h e  Milky Way. 

The writer* is  engaged i n  t h e  preparation of an isophote map of 

the MiLlry Way based on observations with a photoelectric photometer. 

W-at i s  i n  principle a straightforward measurement i s  severely 

affected by two technological problems, the absolute calibration of the 

photometer and the proper allowance f o r  t he  zodiacal1ight.and t h e  night 

airglow. Two 1 might be mentioned. Elvey and 
e a r l i e r  Milky May maps 

Roach [ 19371 (LVa) published one 

establish the existecce of the so-called galactic l i gh t ,  t h e  excess 

the  observed in tens i t ies  over t h e  mean star count ' in tens i t ies  based 

i n  their  attempt t o  

of 

on 

Bottlinger' s [ 19321 ,iiitegration of P.i!.i!Ol. 

* 
t i on  of stars i n  Sagittarius and Scutum is  reminiscent of Barnard's 
inspired description "tfie stars  p i l e  up in great cumulus misses l ike  
suxner clouds." 
fooled by tine Sagittarius cloud coming up i n  the east  t o  the extent of 
recording in his  observing book the  existence of meteorological clouds. 
The illusion was soon resolved as the night progressed. 

* 

The use of the  word "cloud" i n  connection w i t h  the great concentra- 

Tne writer recalls t ha t  as a young observer he was once 

In  collaboration w i t h  L. L. Smith . ( 1  9&h) . .  



( 1960) 
Yare recently El&.sser and Ilaw (EX) /nave published isophote maps 

I n  Figure of the Mlky Way basod on t h e i r  photoclectrfc observations. 6 

ere shown the relationships deduced by Roach and Smith (RS)  between 

the LVII, the  EEI and the  GR43 investiga%ions and t h e i r  measured V l l k y  Way 

in tens i t ies .  Relative t o  the roeasureTlients of RS the LVR in tens i t ies  

are high and the  EX ones low.  The relationship between the  GR43 

integrzbions a;nd the  RS observa-Xons w i l l  be ciiscussed i n  tfie next section. 

VI. THE GALACTIC LIGIIT AND TtIE Ii'JTmSTELLAR DUST 
space rogion The i n t e r s t e l l a r  i s  not empty/. Tnere are some atoms present- . 

enough to produce absorption l ines  over astronomical distances. mat 
there is also some dust concentratedtoward the  galact ic  plane is  

indicated. In support, we E n t i o n  as evidence: 

(1) Stars near t he  galactic equator are reduced on an average 02 

0.67 magnitude (photographic) per kiloparsec of distance from the  solar 

system, 

(2) 

(3)  

They are diminished by 0.35 magnitude (visual) per kilopassec, 

The so-called "color excess," the  reddening measured by the  

difference between the  photographic and visual effects, is 0.32 

magnitude per kiloparsec, 

(4) Extra-galactic nebulae are, i n  general, not observed near the 

galact ic  plane, t he  so-called "zone of  avoidance. ?I 

Dust not only obscureand reddemthe l i gh t  from a pwbicular 

star but also s c a t t e s t h e  light f ron all t he  s t a r s ,  some of the  
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scattered l i gh t  be- i n  t h e  direction of an observer. 

possible to have a situakion 1 
(such as the solar system) 

from a parbicularly 6usty region t o  be greater than the t o t a l  inferred 

from the  summation of /a l l  the stars. 

It i s  thus 
in whicn 

an observer in a particular location 

may f i n d  the t o t a l  astronomical l i gh t  

3i 
t h e  l igh t  from 

And +,o state an apparent paradox: 

the heavier and blacker the dust cloud the  greater may be the excess 

*due t o  such scattered l i gh t .  

About 1937 two papers appeared independently on the subject: one 

theoret ical  end one observational. The nmerical  agreement between the 

theoret ical  prediction fo r  the case of our galaxy and t he  observations 

was, as it turned out,/"too good t o  be true." 
probably 

Wang Shih-v ( 1937) 

derived a theoretical  value f o r  the difAfuse galactic l i gh t  from a dusty 

region of about 1/2 the average l ight  impinging on the  region Over the 

en t i re  sphere surrounding it. 

t o t a l  intensi ty  of s t a r l i gh t  over the  sky is  equal t o  tha t  from 577 stars 

of photographic magnitude 1.0 o r  56 s t a r s  of magnitude 10.0 per square 

degree. 

According t o  Seares e t  a1 (1925) the 

Thus Wang's prediction cal ls  f o r  a galactic l i g h t  of about 
( 1937) 

28 Slo (ph). Elvey and Roach/concluded from t h e i r  measurements t ha t  

the mean galact ic  l i gh t  i n  the YLlky Way was about 55 Slo (ph) units, 

twice t h a t  predicted by Wang Shih-Xy but, considering the d i f f icu l ty  
a t  t h e  time 

of the  measurement, it w a s  considered / t h a t  theory and observation 

'were reconciled i n  terms O f  a &ilkLCtic dust cloud which obscures s t e U s r  

j;. The scattering by the dust I s  similar t o  that experienced i n  the  
solar system leading to the  zoci.,,cal l i gh t  t o  be discussed Later. 

? 
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members of OUT galactic system as w e l l  as more dis tant  extra galactic 

nebulae loceted 13 the line of s Q h t  behind the  cloud and at the same 

time sca t te r  the  l i gh t  from a l l  the s t a r s  t o  make the dark cloud grey. 

Henyey and Greenstein [ 19413 - exaxined the galactic l i gh t  problem 

by making a photometric study of two regions of the Mil& W a y ,  one in 

the constellation Cygnus and the other i n  Tauru-Auriga. S t a r s  brighter 

than visual  magnitude 15 were excltided. 

i n  numerical values similar t o  those reported by LVR f o r  the same 

regions. The agreement may be fortuitous since the two investigations 

Their interpretation resulted 

used different star count data: 

van Rhijn (Gii43)-'. 

LVR used Bottlinger (mol); HG used 

It is the opinion of t h e  wri ter  t ha t  the question of the existence 

of the galactic l i gh t  should be reexamined. The reasons f o r  t h i s  

opinion are  as follows: 

(1) "here is  evidence that the absolute calibration of Elvey 

and Roach w a s  too high and tha t  their  measured in tens i t ies  should be 

multiplied by 0.7 (/ 
Roach et al, 1954 

) . Such a correction would reduce the deduced 

galact ic  l i gh t .  

( 2 )  The predicted intensi t ies  of integrated s t a r l i gh t  in the  

v ic in i ty  of the Milky Way are very uncertain, as witness the discrepa.ncy 

between the rrW 301 and GR 43 results,  

4 * 
integration of Mt, 

See figure/for the  systematic duference between the  Bottlinger 
Wilson 301 and that based on Groningen 43. 
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(3) The estimation of the Galactic l i g h t  should be based on 

photometric measurements coupled w i t h  star counts of the region i n  

question rather  than mean star counts of a Large sample. 

The problem has been brought t o  the fo re  recently i n  a paper by 

The general intensi ty  
I t  

Elsasser and EIak ( 1950) already referred to. 

l eve l  observed by them is xuch lower than t h a t  of Elvey and Roach and 

even / t h a t  predicted by the  GR 43 s t a r  c o i i t s .  

measurements wi%h the  star count predictions from 

lower t h  those f o r  GR 43) it is still  possible t o  infer  a ga lac t ic  

l i g h t .  

ga lac t ic  l i g h t  i n  the  galact ic  plane is about 12 Slo(ph) uni ts .  

irp the  *higher i n t ens i t i e s  of GR 43 are taken, the  galact ic  l i g h t  comes 

out t o  be negai;ive,an obvious impossibility. 

t he  Els&ser-%ug absolute c a l i b k t i o n  may have been low which fur ther  

adds t o  the d i f f icu l ty .  

t h a  
By comparing t h e i r  

, F,? 301 (much 

. 
- 

Proceeding i n  t h i s  way van Eouten (1961) has concluded that t h e  

But, 

There is evidence tha t  

Referring again t o  Figure 6 we note t h a t  Roach and Smith found ' 

t h a t  t h e i r  measured star background in tens i t ies  were l/O.794 = 1.26 times 

those predicted by the  GR 43 s t a r  counts*. This would correspond t o  

a ga lac t ic  l i g h t  of (1.26 - 1.00) x 172 = 45 Sl0(ph) uni t s  for galac t ic  

l a t i t ude  Oo. 

* 
of the  s b  ra ther  than average v&lues. 

Roach and b i t h  used stas count integrations f o r  specif ic  regions 

I 

! 
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The establishment of re l iable  values f o r  t h e  brjghtness of t h e  

galact ic  l i gh t  originating i n  scattered star l ight  from galactic dust 

is  a problem of fundamental interest .  It is the wri ter ' s  opinion that 

a l l  published values, including those t o  which he has contributed, are 

provisional. 

V I I .  THE ZODIACAL LIGhT AND IETERPLANETmY DUST 

In  t h e  previous section we introduced evidence tha t ,  i n  a distance 

cozparable t o  t h e  dimensions of our galaxy, there is  enough line-of- 

sight dust t o  (a) seriously weaken o r  even obscure l i gh t  sources behind 

it and (b) sca t te r  the l igh t  fron a l l  the stars. 

Turning t o  our solar system we must recognize tha t  the amount 

of so la r  system line-of-sight dust i n  distances measured i n  Astronorrical 

Un i t s  is not enough t o  give any significant or  measurable contribution 

t o  the  extinction of stars seen through it. Hence, re la t ive  t o  the 

l i gh t  flaring onto it, the amount of scattered l i g h t  from interplanetary 

dust must be very small. But i n  absolute terms, the  nearness of the 

very br ight  sun makes it pertinent to look f o r  dust scattering effects  

even if the  t o t a l  line-of-sight dust i n  the  solar system might be as 
. 

small as times t ha t  in galactic space. * These general considera- 

t ions lead us t o  the not too surprising observation tha t  there is  indeed 

evidence for  the existence of such izlterpkietary dust in what i s  ham 

as the  zodiacal l i gh t  which i n  i t s  brightest po r t ioqas  observable ' 

* 

as seen f romthe  earth. 

One star (the sun) a t  a distance of 1 Astronomical U n i t  is about 
10 a t i m e s  as bright as the  t o t a l i t y  of all the  non-solar staxlight 
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from the  ear th 's  surface is  about loe9 times the surface brightness 

of the sun and some 100 tines the integrated brightness of the  s t a r l i gh t .  

Even i n  the portions of t h e  sky where the zodiacal l i gh t  i s  a t  

its weakest it is about equal i n  brightness t o  the  average s ta r l igh t  

intensi ty .  This brings us t o  one of those "accidents" which mkes l i f e  

so interesting on our planet-if the dust concentration i n  the solar 

s y s t e m  were/ten times i ts  actual value we should 'have a night s b  so 
s ajr 

bright "2m.t astronomical features such as the  Milky Way would be 

visually l o s t  i n  the zodiacal l ight  haze. 

The zodiacal l i gh t  has long been known t o  be concentrated neG;- the  

ec l ip t i c .  

ec l ip t i c  as it can be measured from the  ear th 's  surface f o r  elongations, 

In  figure 7 is sharn,on a l inear  scale its intensi ty  i n  the  . 
e, extending from 30" t o  180" (gegenschein) based on a recent study by 

Weinberg [ 79633. I n  f igure 8 is sham,on a double logarithmic scale 

the  variation of the  intensi ty  i n  the ec l ip t i c  t o  the  sun's limb 

including (a) observations of the F-corona (presumed t o  be the zodiacal 

l i gh t  .in l i n e  of sight close t o  the sun), (b) t he  zodiacal l i g h t  and 

gegenschein from Roach, Pe t t i t ,  Tandberg-Hannsen and Davis [3954) and 

from Roach and Rees [ 17551, and (c) measurements of the  zodiacal Ugh t  

in  the  domain 30°A 
> e >  

5" based on the 1954 high a l t j tude  eclipse measurements 

of Blackwell as recorded i n  Table III of Ingham [ 1963 1. 

The evaluation of the brightness of the  zodiacal l igh t  as a function 

of ecliptic latStu4~becomes progressively more and more difficult as 
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the pole of the ecliptic is ap7roached because of the uncertainty 

introduced in the subtraction of the other principal components of 

the light of the night sky--the airglow and the integrated starlight. 

In fi,o;ure 9 is shown a plot of tne brightness of the zodiacal light for 

1-16 = pO,from the.ecliptic (8 = 0') to the pole (9 = 9") based on 
b 

stuw by Roach and Sroith [1964]. a current  It is worthy of note that 

at the ecliptic pole the brightness of the zodiacal light is approximately 

100 s (vis) uits. 
The interpretation of the physical composition of the inter- 

10 

planetary medium responsible for the zodiacal light is facilitateC Zy 

evcluations of 'Doth its brightness and its polarization. Within the 

a mador part of the past decade the tendency has been to ascribe 

polarization to "dust" particles and a minor 

electrons. 

In figure 7 we show a plot of the polar 

part to interplanetary 

zation of the ecliptic 

zodiacal light as a function of elongation angle fromthe sun based on 
Current analyses 

favor an interpretat -h?" the work of 

based on a space density of/ gram, an-3  

and an electron densityhot greater than 2 electrons cm'3. 

interested in 

Weinberg [1963]. / 
particles of 5x10 

of some tens and probably 
The reader 

is referred to Ingham (1961),to 

Elsgsser 69631 as well as to the paper by Weinberg already mentioned. Early 
studies of the physicial nature of t h e  zodiacal dust cloud were made by Allen 

VIII. SOME COMNERTS ON EXTINCTION AND SCWmING BY COSMIC 
@ulst  ( 1947). 

Since the zodiacal cloud is sensibly flattened toward the ecliptic 

plane the question arises whether there may be a "zone of avoidance'' 
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f o r  objects observed i n  t h e  direction of the ec l ip t i c .  

from the  sun, assumink t h a t  the  zodiacal cloud continues with i t s  

t e r r e s t r i a l  density out t o  the vicinity of the o rb i t  of Pluto (& A.U.),  

t he  transmission t'hrough such a cloud would be 0.9999. 

h o k i w  away 

The weakening 

by 0.0001 i s  probably not detectable. 

The "zone of avoidance" fo r  the observation of extragalactic objects 
. .  

near t h e  galactic plane constitutes cm2elling evidence t h a t  there is 

a significznt absorbing medium i n  t h a t  plane. 

i n  the Milky Way and the  prominent rift of t h e  Milu Way 

t h a t  we are dealing w i t h  a dusty type of absorption which can be pi;;; 

in%o quanti"ttive terms by the  estimate of t h e  E n  weakening of stars 

The localized dark "clouds" 

suggest 

i n  the  v ic in i ty  of t he  galactic plane of 0.35 mag. (visual) per kpc 

(3 .Og x lo2' an). 

0.725 f o r  an object a t  a distance of 1 kpc or  p = 1.0 x 

t he  expression I/Io = e-". This corresponds t o  a dust density only 

0.0067 t h a t  of the  zodiacal cloud but the  opacity introduced is  s ignif icant  

over galact ic  distances. 

t he  center of our galaxy. 

over 8 kpc is dam t o  0.09 so it appears that we "see" the  galact ic  

center only very dimly. 

(A500 A.U.)  i s  about 0.67 magn per kpc (p = 1.965 x 

Such a weakening corresponds t o  a transmission of 

em'' in 

The sun i s  some 8 kpc (2.47 x IOB,) from 

The transmissiol; of visual  l i g h t  
, 

The mean weakening of photographic l i g h t  

cn-l). 

Over 8 kpc t h i s  corresponds t o  a transmission i n  the photographic part 

of the  spectrum of only 0.008 so, by photography, we are really blind 

so far as t he  galact ic  center is concerned. 
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In  the anti-center direction t h e  obscuration i s  still serious and 

we Owe much of our knowledge of the detailed galactic structure i n  t h i s  

region t o  the b r i l l i a n t  work of the radio astronomers who fortunately 

are  not inhibited in  the i r  studies at the longer radio wave lengths by 

the in t e r s t e l l a r  dust .  

Tze extent of the  galactic 6ust cloud perpendicular t o  the galactic 

plane i s  relat ively small (perhaps 200 t o  300 parsecs), thus we are  

foztunztely able to plumb the extra-galactic universe out t o  a t  l e a s t  
x 1028 centimeters . 

The role  of cosmic dust as an absorber gives way i n  the presea-k 

discussion t o  i t s  associsbed 3roperty of scattering. 

a p p r o x h t i o n  the two phenomena are  related.  

To a first 

32' I i s  the observed 

surface brightness, I, the brightness i n  the l i n e  of sight on the  far 

side of a dust "cloud," and L i s  the flux of l i gh t  f a l l i ng  on 

the  cloud from a l l  directions, then 

gnd N is t h e i r  number density in  aio3. 
** where y is the  albedo of the particles, Ais t h e i r  radius / In the  

++ 

lug R =  27.98. 

The Estimated Distance t o  Object 296 i n  the  Third Cambri e Catalogue 
of Radio Sources (3~296)  = do i.y. = 3.1 x 109 pc = 9.5 x 19 % 7 km., I 

10 
We here assume for  simplicity tha t  a l l  the  par t ic les  have the same 

radius and that the i r  geometrical cross section is equal t o  t h e i r  effective 
cross section. For an autnoritative discusr4ion of the r o l e  of dust in 
&taction and scattering the interested reader should consult the  book 
on "Light Scattering by Small Particles" by H. C. van de H u l s t  (Wiley, 1957). 
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~ 

~ 

case of perfect ref lectors  ( y  = 1)"and a uniformly illuminated cloud 

(Io = L) we have 

1/10 = e f R  = 1 - I/L 

In  other words, the extinction of the d i rec t  beam is  

by the  sca-ltering from the l i gh t  h p i n g h g  on the cloud from the sphere 

surrounding i%. A case in  point i s  the  galactic l i gh t  already discussed 

which is  the sczttered l i gh t  from galactic dust whose extinction effects  

have been w e l l  established. 

compensated 

' 

A contrasting case is tha t  o f t h e  zodiacal l i gh t  due t o  a dus% 

cloud so tenuous t h a t  its extinction is t r i v i a l .  The f a c t  t ha t  it is 

easi ly  observed is due t o  the great intensity of its illuminator, the 

sun. 

is  only about 

Even though the t o t a l  sunlight scattered by the zodiacal cloud 

of the sunlight f a l l i ng  on it t h i s  i s  suff ic ient  to 

provide the l i gh t  of the night s w w i t h  i%s principal component. 

We present i n  Figure 1Oand Table 5 a general representation of 

dust i n  the cosmos with particular reference t o  its 

extinction and scattering properties. 

. 

i n  Figure 10 
The principal diagonay with a 

1 
slope of -1 corresponds to the case of $ = where I/I 0 = 0.368 and 

1 - I/io = 0,632. It thus marks the region where . 

a i t t e d  pencil of l i gh t  is significantly weakened and scattering of a 

a trans- 

- 
i s  enhanced 

general illurninat ion / 
i s /  . "transparent" and t h a t  t o  the r igh t  "opaque. There a re  

. The region t o  the l e f t  of the  diagonal 
designated 11 

two ways in which a physical situation may degrade from a transparent 

+These idealized assumptions are used for general i l lustrative purposes. 
It is ,  of course, not likely that the albedo, in a natural case, will be 
unity nor will t h e  geoinetrical cross section be equal t o  the effective cross 
section, See van de H u l s t  (1957). 
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t o  an opaque condition: 

pushing the  point upward, o r  (b) t h e  path length may increase movhg 

the point to the r igh t .  

(a) tile density of the  dust m y  increase 

In  the  last column of Table - is  sham the distance required 

fo r  a given dust concentratioc t o  resul t  i n  a decrease of a pencil of 

l i gh t  t o  1% of its or iginal  iztensity . 
l i s t ed  we  note tha t  we a r e  saved from a black prison by t he  f a c t  that 

I n  three of the four cases 

i n  each case the  extent of the dust is limited t o  distances such tha t  

p<c 3. a lac t ic  dust, we  are not so f o r t u a t e  

i n  the  plane of the  galaxy bu t / ca  escape into intergalactic space via 

I n  t he  fourth case, t h e  
<whercp/=& 

l i g h t  beams away  f r o n t h e  galactic plzne where the  f la tness  of our 

galaxy results i n  small ex the t ion  effects .  

VII. THE E3RTXBOu1\1) OBSERVE3 AA'D TIS3 N I G X i  AIRGLOW. THF, CONTIMRIM. 

Evidence has grown tkt there is a component Of radiation i n  the  
which 

night sky . . of t e r r e s t r i a l  origin / cannot be accounted f o r  

as dGe t o  the  discrete emissions sham i n  figure 2. It has come t o  

be called a "continuum" though it may be the result of a large 

nunbcr of discrete emissions to0 f a in t  t o  be recorded even on long 

exposure spectrograms. 

One b i t  of evidence suggesting the existence of such a nightglow , 

continuum is based on aa application of the so-called van Rhijn method. 

Van Rhijn (19213 called attention t o  %he f a c t  t h a t  a uniform emitting 

layer a t  a height, h, above the  earth's surface w i l l  result i n  a sys- 

tematic increase i n  intensity toward the  horizon f o r  an observer on the  
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. .  
Earth's  surface. 

intensi ty , IZ,at  a zenith distance,z,to &hat a t  the zenith,I,,is given by 

,in the zbsence of a lower atmosphere the r a t i o  of 

I, /Io = v = 1 
Z 

. The interposition of the atnosphere between the emittine layer and 

the observer significantly nodifies the effect  so tha t  the observed 

I r a t i o  Vz i s  always numerically smaller than Vz. 

I n  principle it is  Tossible t o  deduce the height of the emitting 

layer'from systematic observations a s  a function of zenith dis"r;ance 

but i n  practice the accuracy of such height determinations has been poor 

due t o  diff 'iculties associated with (1) the extinction and sca t te r  of 

the lower atmosphere, (2) the lack of uniformity of intensi ty  of the  

a i t t i n g  layer over the sky and (3) t he  d i f f icu l ty  of allowing f o r  the 

contamhatior, of the observations by the astronomical l i gh t  passed by 

the  f i l t e r .  

referred t o  a paper by Roach, &gill ,  Bees and Erarovich (1958). 

* 
For a defini t ive study of these problems t h e  reader is 

Although the use of the van Rhijn approach i n  matters of qua.ntita- 

t i v e  finesse such as the deduction of emitting layer heights is not 

very fruitful, nevertheless the qua1ita"uve prediction of a systematic 

increase i n  intensi ty  toward the horizon f o r  such an-emitting layer is 

helpful. As long ago as 1909 Yntema (1909) identified what he called 
-~ 

3. To a.n airglow observer t h e  astronoinical l i gh t  is a contamination. 
-& t he  context of this paper,on the contrary,the airglw may be considered 
a contamination. 
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Wthl ig’n t  by such an interpretation 02 systematic observations of the  

night sw. 
between the upper atmosphere and astronomical components and to estimate 

the  gercentage contribution of each i n  a given s e t  of observations. 

Fillsir method i s  i l lus t ra ted  in Table 6 and F i p e  7 1,. 

we deduce an up?er atmosphere component of abou% 3O$ of the  t o t a l .  

Roach and Ikinel  (1955 ) have attempted t o  discriminate 

I n  the  example 

1 Tne predicted values of V z are based on an assumed extinction 

and an essuned scattering coefficient of -1 coefficient of‘ O.lk2 a t m  

0 .I& atii-l. 

assumed flat the  astronomical l ight  (integrated starlight and zodiacal 

l i g h t )  w a s  unEonnly distri’buted over the s’ky. 

probably a reasonable assllmption for  the integrated starlight if mny 

In  the case of the 100% astronomical calculation it was 
- 

Although t h i s  is 

observations are used during which the  milky Way w i l l  not favor any 

part icular  zenith distance, it is  not a good approximation f o r  the 

zodiacal l i g h t  which is  systemticaLly brighter toward the horizon. 

Thus the  percent of upper atmosphere l ight  deduced i n  the  last column 

must be considered as an upper l i m i t .  

A dramatic indication of the  existence of an airglow continuum 

has been obtained by t h e  American astronauts. They have all reported 

t h a t  %here is an easi ly  v is ib le  glow on the night side of the earth 

appearing as a s o r t  of annulus I separated fromthe solid ear th  

horizon. Analysis of the height of the  layer places it i n  the 100 - 
kilometer region. The intensi ty  is too great to be accounted f o r  by 
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t h e  IC?ox.m discrete emissions ( i n c h d i n g  the 5577A l ine)  and i s  thus 

ascribable/to a general c o n t i n u d  Its v i s i b i l i t y  from a s a t e l l i t e  
ir, large part (Kom..cn, Gulledge, Packer and to use:^, 1 963) 

(and not from the ground) is  due t o  the favorable circumstances of a 

long grazing l i ne  of sight through the emitting layer (a 35-fold increase 

of iz tensi ty)  plus the  zbsence of lower atmosphere extinction. 

i 
. 

I 

Astronaut Gordon Cooper was especially successf'ul i n  observing 
night  I 

the/airglow layer both visually an6 photographically during h i s  Yay 16, 1963, 
in sa te l l i t e  Fa-? (Fai th  7) I 

o r b i t i d  In  figure is  shown one of h i s  photographs, a ten-second 85 
w o s u r e  showing a night airglow band above the earth, the l a t t e r  being  

vis ib le  by v%ue of the  illumination from a quarter moon. 

photographs - ~ y  Cooper shar thah t h d a i r g l w  layer appears green h 

contrast with the bluish cast  of the noonlit earth.  

nine of ./ . 

height 02 the  center of %he airglm band above the earth 's  surf'ace,/88 

I 
Color 

night 

* 
An analysis of 

Cooper s 
photographs by Gillett ,  iIuch and Ney (1964) gives us the  

a mean of 

kilorreters with extreme values ranging from 75 km t o  131 h. 

a. 'J3f.E XtGHTGLOW. ~ T O A K ~ C  RATI I!fO- mSSIONS. 

If the domain of interest  i s  now expnded t o  include the en t i re  

visual  spectrum we come t o  the  matter of atomic and molecular emissions 

originating in the  Eazth's upper atmosphere. 

the nightglow should include discussions of such matters as temporal and 

spacial  changes, emission heights and excitation mechanisms. 

A defini t ive review of 

sc 

concerned with such impractical matters as "why is the  grass green?" 
m y  now add t o  t h e i r  list of useless investigations '*why is  the  night sky 
green?" 

"Practical" men have, on GCCasiOn, categorized pure research as being 
Tney 
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Oar purpose here is  t o  g i v e  a b r i e f  description of the photometric 

nature of the  nightglow. 

detailed discussion t o  review papers" and t h e  authoritative book by 

J . 17. Chamberlain (197 ) . 

We re fer  t h e  reader interested i n  a more 
' 

I n  Table 7 we record the  principal nightglow 

emissions as presently known. In  Figure 12 they are sham plotted 

as P m c t i o x  of wave-length and of emission height. 
5890-96 

Ristoriceliy the emissions [OI] 5577, [OI] 6300 -64 and NaI/came 

first t o  -the at tent ion of observers. Later t he  Herzberg bands were 

identified as important contri'outors i n  the  30OoA t o  4000A donain. 

Er,ergetically tne  most conspicuous lmam component of the nightglow is 

t he  extensive system of rotation-vibration bands due t o  the hydroxyl 

(OH) radical .  The hydroxyl bands are l i s t e d  in Table 8 i n  order of 

increasing wave-length. The absoltlte in tens i t ies  are sham both in 

the  table and i n  Figme 13. 

AtterAion i a  called to the f a c t  that the night airglow shown as 

a component in the  zenith skies of B i t z  Peak and Haleakala (Figure 14) 
I is based on a fi l ter .  t r a n s A i t t i n g  a narrow band near 5300A. 

spect*l region was chosen t o  avoid prominent nightglow emissions (one 

of t h e  weak hydroxyl bands is  hcwever included). The airglow transmitted 

by %he f i l t e r  is largely whaA we have referred t o  in the  previous section 

as a continuum. 

The 
l 
I 

' 

11 I1 
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Obviously, if the p w o s e  of an investigation is t h e  study of 

speccic nightglow emission features, filters will be chosen to center 

on the ezission or,alternativcly,the investigation may be carried out 

.Dy spectroscopic means. The /I 
spctrographic 

method suffers f r o m  the fact that, 

with the spectrographs that have been employed, exposure times of the 

order of an hour are needed to b r h g  out the emission features. The 

spectrograph’ slit ray include a large slice of the sm (in one design 
EL vertical circle from horizon to horizon). /the flux of light on the 

In f i l t e r  photcinetry 

cathodes of photoelectric detectors used in conJunction with telescopes 

of modest berture is sufficient that an integration mer a fraction 

of a second yields a reliable photo-current. The entire s b  can be 

surveyed in a few PAnutes so %kat several complete sky coverages can 

be maddduring a single spectrogra2hic expsure and, as a consequence, 
by a filter ?hotorneter 

most of the systematic work on the niglitglow has been done with 

photoneters. If the i s o k t i n g  filter used in a photoelectric 

photometer could be as narrow as a spectrograph slit an emission 

feature of the nightglow could be reasonably discriminated with respect 

to the astronomical bacwound (integrated starlight and zodiacal l i g h t ) .  

The available interference filters axe sufficient* narrow that one 

centered on an emission line such as 5577A can result in as much as 

75$ of the total zenith reading due to the emission and 25% to the 

background. 
-%. 

* 
&s the developxent of a birefringent filter which discriminates between 
an emission line a d  a background continuuura. 
also Roach, Megill, ReeS , and Marovich 

A technological. advance of great importance to nightglaw observers 

See Duxln and knr.ing (7953; 
p958) 
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The genersl conclusion emerges from t'nis discussion t h a t  the 

photometric observer of t he  l i g h t  of t he  night sky is  necessarily 

concerned with a l l  three com2onents i n  the  analysis of h i s  data explaining 

why the  present paper which was originally planned as a discussion of 

the zodiacal l i gh t  was expanded into a more ambitious undertaking. 

x. r n 2 4 m Y  

We bring toge-lher our general resul ts  i n  two figures.  Figure 14 

portrays the  resoliltion of the l ight  of the night s lq  into i t s  three 

pr incipal  components based on a series of zenith observations extenking 

over a year s r t  the  two stations: 
- 

Fri tz  Peak i n  Colorado, U. S. U., 

study by Roach and Sinith (1964a) using photometers centered on wavelength 

53OOA. With respect t o  sidereal time the airglow continum is a constant** 

The two MiUry Way traverses are conspicuous features of t h e  integrated 

s t a r l i gh t  curves. The variation of the zodiacal l i g h t  is the  r e su l t  of 

the  variable ec l ip t ic  la t i tude of the zenith throughout the  year. A 

refined analysis of the data, not shown i n  the plot,  gives a fur ther  

variation of the zodiacal light as a function of 1 - A,, the  d i f fe ren t ia l  

ec l ip t i c  longitude between tine zenith End the  sun. ' The zodiacal l igh t  

b c a l  time changes in the  airglow may vary but 'such changes are -E 

averaged out w i t h  respect t o  sidereal time. 

, 

4 
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is t h e  brighter of the three components except when the M i l b  tray is i n  

the zenith. 

toward t h e  horizon so t ha% it is definitely the most prominent of the 

The zodiacal l i gh t  tends t o  be systematically brighter 

three for  the  sQ as a whole. 

The interrelationships of the  constituents of t h e  1ie;ht of the  

night sky  are sham from a different point of view i n  Figure 15 where 

the  ordinate is  logarithm of the surface brightness and the abscissa is 

logar - i th  of the distance or extent. V5ving downward in tine plot  the 

features  of tne night sw appear below the  l i n e  corresponding t o  the 

end cf twilight.  
- .  

The brightness of t h e  nightglow, the  zodiacal l i g h t  

and gegenschdn, the integrated s tar l ight  and galactic l ight are comparable 

(on the  logarithm scale) but one is impressed with the  vastly different  

l inear  distances i n  connection with the several phenomena. Tne nightglow 

is a terrestrial  phenomenon having a thic'mess of about one atmospheric 

scale height (log & 7). 

phenozrenon with a characterist ic dimension of'astronomical un i t  (log & 13). 

The zodiacal l i gh t  is  an interplanetary 
one 

The integrated s ta r l igh t  from our galaxy has a characterist ic maximum 

dimension of some 30 kpc (log RM 23). F i n a l l y  the  extra galact ic  nebulae 

which collectively contribute much less  than l$ of the  l i gh t  of the  

night' sky are at distances as much as log b 28. They can be photographed 

individually in sp i te  of the competition of the sky ba&ground and in sp i t e  

of the  hazard of extinction by intervening dust. 
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I n  the preparation of t h i s  report t'ne writer has been 

impressed w i t h  t he  confluence of several circumstances t h a t  make possible 

the observation of the universe i n  the vis ible  par t  of the spectrum. 

Any one of several contingencies night have made such observations 

impossible. 

Le t  us consider the matter of contrast. The prime example here i s  

the br ight  (but beautiful!) day sky which prohibits serious daytime 

study of the  astronoaical sky. 

rotat ion the period of twilight. which under t h e  best  of circumstances 

lasts a l i t t l e  l e s s  than 1 1/2 hours butfin the vicini ty  of polar regions 

There follows,durhg a diurnal t e r r e s t r i a l  

which, during the local sui ier ,  

. persists ail night. The obliquity of the 

ec l ip t i c  i s  sufficient t o  make a stimulating annual sequence of seasons 

but small enough t o  keep the twilight period of reasonable duration 

over a good portion of the earth.  

A hazard narrowly averted i s  that due t o  the  interplanetary dust 

cloud leading t o  t h e  zodiacal light. 

small indeed (figure lo) so t h a t  a n  increase by 8 fac tor  of ten  would be 

t r i v i a l  i n  terns  of the  constitution of the so& system. But such an 

increase would resu l t  i n  a night sQ SO bright (average zodiacal l i g h t  

2000 SLo ( v i s )  instead of 200) that the Mi- Way would be d i f f i c u l t  

so see and the airglow d i f f i cu l t  t o  measure. 

The concentration of dust i s  very 

* 

The aesthet ic  gain in 

* It is of interest  t o  speculate t ha t  during the history of the solar 
system the interplanetary dust concentration may have been significantly 
greater than at  present. 



. .  

Page 32. 

a rather cpectacular zodiacal l i C h t  pattern over the sky would hardly 

compensate for the loss from the absence of the details of our galactic 
of such an enhanced zodiacal lirht would 

universe. The effect/correspond to that experienced in a planetarium 

when the operator adjusts the rheostats to bring on dawn and the celestial 

03 j ects disappear. 

A permment twilight that troulii have the same effect would be due 

to the hydroxyl nightglow if (a) it were concentrated in the visible 

part of the spectrum rather than i? the near infra red or if (b) the 

huma;l eyes were sensitive in the new infra red. . 

The narrow escape fromthe cosmic ignorance that would have resulted 

fron a situation in which the cbserver found himself in a less favorable 

environment is well illustrated by the "zone of avoidance" of' extra 

galactic aebuiae in the vicinity of the Milky Way plane. If our galaxy 

were not highly flattened so that its extent perpendicular to the plane 

is sufficiently small to permit an observational window outward we would 

not have been able to photograph the extra-galactic objects and we would 

have been content with a rather restricted concept of a universe 

consisting of a single galaxy. The same dire result would have occurred 

if the sun to which our planet is attached were more deeply embedded in 

the galactic dust near the galactic center. Thus we find compensation 

for our non-central location. ' . 

There can be little doubt thah hum? ingenuity would in time have 

overcome any or  aL3 of the above circu;3lstances as the radio astronomers 

. 

\ 
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have done by changiw the exploring frequency so as t o  avoid t h e  

d i f f i cu l t i e s .  

of the  s t i m l a t i o n  of the knowledge gained by visual  and photographic 

o’bservations . 
t h a t  t h e  present review could not have been written by t he  present 

aathor. 

planets are as fortunate o r  whether, &er al l ,  t h i s  is “the best of 

a l l  possible worlds. 

But t h i s  would have taken time, especially in the  absence 

It is l ike ly  tha t  the time lag would have been suff ic ient  

It my be conjectmed wnether other astronomers on other 

I t  

-. 
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Fig. 1. Distribution of the brighk s t a r s  according t o  spectral  c lass  
(below). 
t o  spec t ra l  c lass  (zbove) . Wavelength of peak in tens i ty  of s t a r l i gh t  according 

Fig.  2. The pr incipal  enission features i n  t he  night airglow arranged 
roughly according t o  t h e i r  emission heights i n  the  atmosphere. 

F i g .  3 .  logarithm of t h e  number of s t z r s  per magni"L;ude in te rva l  as a 
fmc t ion  of the  apparent photographic aagnitude (from Table 3 ) . 

Fig. 4. The vzriation of integrated s t a r l i gh t  brightness with ga lac t ic  
l a t i t u i e .  
based OR GR43 and IGl3Ol f o r  l o w  ga lac t ic  l a t i t udes  is apparent 
by colnparison of the  two lower curyes. 

The systcrr3i;i.c difference between the integrations 

Fig. 5 ._. Total integrated s t a r l i gh t  i? number of tenth mgnitude (visual) 
stars per square degree in galactic coordinates. 

F i g .  6. Plo",s showing the  r e l a t i o n s h i p  between the  observational 
measurements of integrated s t a r l i gh t  or" Zlvey and Roach [1937], 
E l s b s e r  and €bug [196q and those of Roach and Smith (1964a). 
Also t he  integrated s t a r l i gk t  deduced from the  Groningen 
43 star count tabulations [Roach a d  Megill, 1$7 1 is  sham 
plot ted against the  recent Roach-Smith measurements. 

F i g .  7.  The brightness and polarization of t h e  zodiacal l i g h t  i n  the  
eclist t ic from elongation angles E ,  30" t o  180" according t o  

Note the  s l ight  increase i n  the  brightness 
the  gegenschein) as the  counter-sun posit ion is approached 

. Weinberg [1963]. 

I = 180"). 

Fig. 8. Tne brightness of the  zodiacal l i g h t  i n  t h e  e c l i p t i c  versus 
t h e  elongation angle, e, f rom the  sun's limb (F-corona) t o  
t he  gegenschein (note the log-log scale) .  
are Blackwell as quoted by N. F . Ingham [1%? 
t n e  solar limb to e = 30"; Roach, P e t t i t ,  Tandberg-Hannsen 
and Davis [1954] for 100°>~300  a d  Roach and Rees [19 

Sources of i n f ' cmt ion  
from 

] f o r  
180 ">e> 100 " . 

Fig. 9. Variation of t he  brightness of t he  zodiacal l i g h t  from t h e  
plane of t he  e c l i p t i c  t o  the  e c l i p t i c  pole f o r  - = 90". 

I 
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Fig. 10. 

Fig. 11. 

Fig. E!. 

Fig. 13. 

.- . 

Fig. 14. 

F i g .  15. 

Graphical representation of the  occurrence of dust on the  
cosmic scale. See the t ex t  f o r  the  significance of the ordinate 
and abscissa scales. 

Variation of observed increase toward the  horizon of the 
brightness of the night sky f o r  a wavelength of 5300A based 
03 the  average resu l t s  over fou r  nights a t  Haleakala. Tine 
okservz%ions (dots) can be coriqmed witin predicted variations 
based on assuned percentages of upper atmosphere nightglow 
compor,en-i; from o$p t o  1005. 

A tcc-secor?d exposiire made by Astron.mt Cardon Cooper from 
an orkiting s a t e l l i t e  on I\.;ly 16, 1963, showinC; a luiiinous 
nlghtglov band d is t inc t ly  zbove the ear th 's  surface.Fron: G i l l e t t ,  
~iuch, and Key (1964). 
Above: Distri'bution of intensi t ies  a d  wavelewhs of the  
rotation-vibration bands of OX i n  the nightgicw; o3served t o  
about 1 . 5 ~  and predicted f o r  imvelen@hs longer than 1.5~~. 
Also, the absolute intensity of the  thermal radiation from the  
later atmosphere f o r  a t q e r a t u r e  of 275"K, a s l i t  width of 
O.lv, a d  an emissivity of 0.3. Below: The transmission of 
the  lower a"aosphere versus wavelength. 

The variation of the three principal constituents of the  l i gh t  
of "Le night sky with sidereal tine for  the  s ta t ions F r i t z  Peak 
and fialeakala. 

Graphical representation of the  brightness of conponents and 
features of the  day and of the night sky with the  cosmic 
occurrence indicated by t h e  distance or  extent of each along 
the  abscissa. Note the  log-log scales. . 



E P Z ~ N C E S  
Allen, C . W. 1963, Astrophysicai ?,uar,tities (2d Zdi t ion)  

Allen, C. it!. 1946, N. N. ii. A. S. z, 137. 
p. 255 (Athlone Press) 

Bott lhger ,  K. F. 1932, 2s. F. Aph., A, 370. 

GhaQberlain, J. W . 1961, Physics of the Aurora and Airglow,  
Academic Press. 

II  
-' Elsasser, H. 1963, Planet. Space Sci., ll, 1015. 

Elvey, C. T. and iloach, F. E. 193'7, Ap. J. 9, 2310 

. .  
Henyey, L. G. and Greenstein, J. L. 19W, Ap. J". 2, 70. 

Houten, C. J. van 1961, B. A.  N. 16, 1. 

H u l s t ,  H. C. van de 1957, Light Scattering By Small  
Particles (1:iJ.ey). 

Hast, 3. C. de 1947, Ape J* 105, 471.' 

Hunten, D. M,, Roach, F. E. and Chamberlain, J. W, 1956, 
J. ktm. Terr. Phys., 2, 345. 



Inghat, 14. F, 1961, X. No R. A. S , ,  122, 157. 

Xoor;..cn, H. J., Gulledge, I. S., Facker,  D. K., aad 
Tousey, H, 1963, Science, &O, 1087, 

Krassofsky, V. I. , Shefov, N. N,, and Y z h ,  V. I. 1962, 
Planetary and Space Science 2, 883. 

iihijn, P, J. van 1321, P u ? L  Ast. Lab. Gronirigen 
Ember 31, pp 1-83. 

Rhijn, P. J. van 1925, Publ. Ast. Lab. Groningen 
Number 43 , 

Zoach, F. E, 1963, "The Kightg1o.d' in Advances in -.  Electronics, Id, 1. 

Roach, F, E. and Kegill, Lo 3. 1961, Ap. J. a, 228. 
. Roach, F, E,, Kegill, L. R. , Rces, If. E. , and Karovich 5. 

1958, J, A. T, T. 12, 1% 

Roach, F. E. and Meinel, A. B. 1955, Ap. J. 122, 530. 

Roach, F. E., P e t t i t ,  H. B,, Tanoberg-Eannsen, E., and 
Davis, D. N. 1954, Ap. Z., 9, 253. 

P.oac.h, F, E, and Xees, 14. H. 1955 i n  "The Airglow and The 
Aurorae", Pergamon Press, page 142, 

Roach, F. E. ami Smith L. L. 1964F NBS Technical Note 
Number 2 j +  . 

Roach, F. E, and Smith, L. L. 1964b, llnpublished Haterial. 



. *  

c. ani Seaz-as, F. H., Rhi jn ,  P. J. van, Zoyner, ? RiCl-J-jnOrld, 
14. L. 1925, k p .  J. 62, 320; Xt. Xilson Contribution number 301. 

Trumpler, it. J. and Xeaver, H. F., S t a t i s t i ca l  Astroxony, k v e r  
Publicztioas 1962; originally published by the University of 
California Press (1953) . 
kkng Shih-Ky 1937, Publications de 1'0bservatoire de Lyoil, 

fasc 19, Vol. 1. 

'vreirberg, J. L. 1963, Ph.' D. Dissertation, University of 
Colorado. i 

Yntema, L, 1909, Publ. Ast. Lab. Groningen, ND. 22, pp 1-55. 

-. 

I 



Table 7 

Total  

Approxbate intensity of visG2. r a d k t i o n  at various 

In S l0  (vis) wits. 
locations 3n the universe. 

7 .  

b b s e r v e r  1 In intergalactic !In hters te l la r  

C ozponent \ i- space space 

.I 

1 
I 

Integrated 

nebuizr light 

Int egrzt e d 
st a l i g h t  

Zodiacal 

. I l i g h t  

Night airglow 

-. 

7 1 

701 

In interplanetary 
space 

1 

7 00 

200 

- 

307 

On the e a i h  ' 

7 

100 

200 

7 50 

45 7 



T&lc 2 

. The Galaxy (The Kapteyn Universe) 

Tota l  Number of Stars 

Decsity of s t a r s  
Central 

Thickness 
To 1/10 density 
To 1/100 density 

D-eter 
To 7/70 density 
To 1/100 density 

Distance of t h e  sun 
Fromthe center 

47,000,000,0C0 

45/cubic psrsec 

550 parsecs 
1700 ' 1  

2800 parsecs 
8500 11 

8000 parsecs 
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( .  S w w i r j  of Star Counts by r,,zZnltudc intervals 
from M W 301 

i 
i 
! .__- 
f m (pg) i b = ~  
i 

r; 

5 

6 

7 

8 

9 

10 

11 

72 

73 

14 

15 
16 

17 

18 

79 

20' 

27 

-0,428 

W.076 

r0.45 5 

006Q 

1.314 

1.733 

2.147 

2. 532 

2 . 902 
30248 

3.577 

3.87b 
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'over entire sphere) 
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6.382 
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Table 4 

Integrated Star l igh t  fran S t a r  Counts 
- 

J (Pd 

mi 301 GR 43 

7 03 

93 

77 

61 
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26 

18 

14 
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7 16 

84 
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source . -  .. . .  

OH 
02(0, 1 a*a) 

HI (Ed) 
01 
Naf 

Of 
HI (3,4 ) 

Note: l'n table  7 and 8 t h e  tlrziyleighlt unit of airglow intensi ty  is used. 
it may De defiped as follows: "If t h e  surface brightness, 
in units of 70' quanta. set". ~te;.zdian'~ thenthe intensity, in 
rayleighs is 4xBrt (See Hunten, Boach and Chanberlain (1956)) . 
In  the case of a continuum t h e  specific intensi ty  in  rayleighs per 
hgs t rom (3/A) is useful. 

B, is neasurad 

At a wavelength of 5300A ? R/A = 227 S I 0  (vis).  
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Tabla 8 

L i s t  of GI! Bar,ds ir! Order of Wavelength 

Absolute intensi ty  Absolute intensity 
hTZv0- T rari s i- in rayleighs Wave- T r a n s i -  i n  rayleighs 

length t ion  (Chamberlab and length t ion (Chamberlain a d  
a i r  (A)  (VI- VI:) Smith, I 959) air (A) (vl- VI!) Snith, 1959) 

7,527 05 
'7 , 748.3 

9 4  
8-0 
9-7 
7-0 
8-7 
9-2 

- '  6-0. 
'7-1 
8-2 
513 
9-3 
6-1 
7-2 
8-3 
443 
9-4 
5-7 
6-2 
7-3 
8-r, 
3-0 
9-5 
4-1 

0 . 023 
3-12 

, a 7 3  
0.71 
3-8  

71.i) 
b.4 

22 
57 
33 

1 70 
130 
310 
520 
2SO 
710 
930 
1800 
2800 
3400 . 
3100 
3600 
7600 

10, €26 

72,698 
13,877 
14,336 
1 5,047 
15,8u; 
16,692 
1'7,642 
18,734 
19,997 
27,496 
26,007 
29,369 
30,854 
32,463 
34,294 
.36,334 
38,674 
41,409 
44,702 

5 -2 
6-3 
7-4 
8-5 
9-5 
2-0 
3-1 
4-2 
5-3 
6-4 
7-5 
8 4  
9-7 
7 - 4  
2-7 
3-2 
4-3 
5-4 
6-5 
7-5 
8-7 
9 4  

12,COO 

17,000 
16,000 
73,000 
46,000 
74,000 
88,000 
90,000 

1 5,OCO 

' 82,GOO 
71,000 
54,000 
3'7,000 

823,000 
640,000 
490,OCO 
360,om 
260,000 
180,000 
110,000 

920,000 

65,000 
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